the ions with which they are associated (mainly Ca2+, Mg2+, Mn2+, K+ and H + in natural phytates) and on the level of Ca in the diet. Thus, native phytates, free phytic acid, sodium and calcium phytates and commercial 'phytin' (a Ca-Mg phytate) do not necessarily behave in the same way.
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Availability of minerals in foods of plant origin 1'3 women (Lamott-Barillon, I~SI), as these are likely to supplement their diet with carbohydrate foods at the expense of more costly Fe-rich foods of animal origin.
Only a very few isolated groups, such as Eskimos and some pastoral tribes, are predominantly carnivorous. I n all other communities foods of plant origin form a large part of the diet, and contribute a large proportion of the total Fe intake. In this country almost half the total calories and over half the total dietary Fe come from plant sources, and in the larger households these proportions are even higher (Table I) . (Ranganathan, 1938) . In general, the important factors that lead to an increase in Fe content appear to be a high soil temperature, a high humidity and a high content of organic matter in the soil. Important factors that may lead to a decrease in Fe content are a high rainfall and increasing age of the plants (Asenjo, 1962 T h e importance of the variations in the total Fe content of plants has been stressed by Ranganathan (1938) . Furthermore, Bransby, Daubney & King (1948-9) found that the Fe content of the diet of a group of adults was considerably higher when determined by analysis (19 mg per person per day on average) than when estimated from food tables (I I mg per person per day), and they believe therefore that for individual purposes calculations of nutritive indices have little value. However, even apart from these errors in estimation, measurement of the total Fe content of a foodstuff is of limited value, as it ignores the relative availability of the Fe.
T h e rat has been the experimental animal most frequently used to examine the availability of Fe in different foods (Smith & Otis, 1937; Free & Bing, 1940; Pye & McLeod, 1946) , and studies on dogs seem to have given roughly similar results (Ruegamer, Michaud, Hart & Elvehjem, 1946) .
However, man is no rat, and it is unlikely that conclusions based on animal experiments are always of direct relevance to man. Indeed certain findings seem to indicate that animals do not handle Fe in a manner similar to man. These include the fact that ferrous and ferric salts are equally available to the rat (Austoni & Greenberg, 1940; Venkatachalam, Brading, George & Walsh, 1956) and to the dog (Moore, Dubach, Minnich & Roberts, 1944) but not to man (Brise & Hallberg, 1962 ). Of particular relevance to possible differences in the absorption of food Fe by animals and by man is the finding that rats secrete a phytase (Patwardhan, 1937) and the fact that the protein-bound Fe in haemoglobin is about five times less well absorbed by the rat than by man (Bothwell & Finch, 1962) .
Unfortunately, investigation of Fe absorption from individual foodstuffs by human subjects is extremely difficult, so it is not surprising that there have been relatively few studies in man and that the results of reported studies have shown considerable differences. (1958) have pointed out that a measure of the absorption of Fe from a complete meal is more realistic than measures of absorption from individual foodstuffs. This can be estimated by diet balance studies, but unfortunately a complete meal cannot be tagged with radioactive iron. PirzioRiroli et al. (1958) overcame this difficulty by measuring the uptake of a small dose of radioactive Fe as ferrous chloride given during a 'standard' meal. They assumed, as did Sharpe, Peacock, Cooke & Harris (1950) , that the relative absorption of the added inorganic Fe is similar to that of the naturally occurring Fe in the food, and they pointed out that much of the food Fe is probably converted in the stomach into chloride, but it is doubtful if these assumptions are valid. Nevertheless, it is of interest that, as pointed out by Moore (1961) , the mean absorptions of the inorganic iron given together with a complete meal by Pirzio-Riroli et al. Factors other than the initial Fe content of a foodstuff, or meal, have been shown to be of relevance in this context. These include whether or not juices and cooking fluids are consumed (Davidson, Meiklejohn & Passmore, 1959) , the presence of reducing substances such as ascorbic acid in the meal , the bulk of the meal (Sharpe et al. 1950; Brise, 1962) , and whether or not Fe cooking vessels are used (Walker & Arvidsson, 1953) , though it is doubtful if this last factor is of importance in Great Britain (Mackay, Dobbs, Bingham & Martin, 1946) . Factors within the individual have also been shown to be of importance; thus in addition to differences between subjects, absorption by a single subject varies considerably from day to day (Brise & Hallberg, r962) , absorption by Fe-deficient subjects is probably about three times as efficient as that in normal subjects (Moore, 1959) , and absorption is better, and more consistent, in children than in adults (Josephs, 1958) . Indeed it is likely that, with regard to the absorption of food Fe, factors such as these are together of relatively greater importance than the initial Fe content of the individual foodstuffs or a diet.
It is probable that, of all individual foodstuffs, cereals are the most important in almost every country, both as a source of calories and of Fe. I n most agricultural communities, and in particular in Africa and Asia, cereals alone form the major part of the diet, whereas in this country cereals contribute almost one-third of the total calories, and about the same proportion of the total Fe in the diet (Ministry of Agriculture, Fisheries and Food : National Food Survey Committee, 1963). Certainly cereals are of major importance to man. Davidson et al. (1959) have pointed out that stable civilizations have only arisen when primitive hunting communities learned to raise successive cereal crops, and without these crops man is reduced to an uncertain and nomadic life. Cereals have a relatively high Fe content; most wheats are particularly rich and have about 4 mg/Ioo g whole grain, and wheat flours of high extraction (over 85%) have usually between z and 3 mg Fe/Ioo g flour. This is well utilized by anaemic rats (Rose, Vahlteich & McLeod, 1934 (1945) found that the addition of Fe as ferrous carbonate to flour at a level sufficient to give 14-20 mg Fe daily to nursery schoolchildren had no appreciable effect on their haemoglobin levels. Widdowson & McCance (1954) studied undernourished children in Germany, and found that they grew equally well whether given bread made from wholemeal flour or unenriched 70% extraction flour or 70% extraction flour enriched to wholemeal levels with Fe (presumably reduced), and after I year the haemoglobin and haematocrit levels of the groups given these diets showed no significant differences (at P<o-og). Steinkamp et al. (1955) , using radioactive Fe incorporated into the four compounds most commonly used in the USA for enrichment of flour, concluded that the salts tested, which included reduced Fe and ferrous sulphate, are more or less equally well absorbed from bread by human subjects, though their availability, both when given baked into bread and when given together with a meal of bread, was low but similar. The five 'normal' subjects to whom Steinkamp et al. gave bread enriched with reduced Fe absorbed only 10% or less of the added Fe, but two subjects, both of whom were thought to be Fe-deficient, absorbed considerably more. Harrill, Hoene & Johnston (1957) also concluded, from Fe balance studies in young women, that differences in the availability from bread of the three inorganic Fe preparations they tested (ferrous sulphate, ferric phosphate and reduced Fe) were unimportant, but the mean absorption in their nine 'normal subjects' was only 3% and this figure was largely due to two subjects who 'absorbed well'.
These studies are of considerable interest, but they do suffer from the limitation that all the subjects involved were healthy and, other than two of the subjects studied by Steinkamp et al. (1955) who may have been Fe-deficient, and possibly the subjects of Widdowson & McCance (1954)~ they were in no need of Fe beyond that required to make good their normal daily losses, which were probably very small indeed. Thus a low absorption in studies such as these may simply indicate a rejection of Fe which the subjects did not require, rather than an inability to absorb more than a fraction of the added Fe.
A more simple approach is to study the effect on haemoglobin level of the Fe preparations of interest in this context, when given in therapeutic amounts to groups of subjects, although it is by no means certain that the efficiency of absorption of large amounts of Fe is a true index of the availability of much smaller amounts such as those that are added to flour.
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However, there does seem to be some doubt as to the therapeutic value of reduced Fe. It is well utilized by anaemic rats for haemoglobin regeneration (Nakamura & Mitchell, 1943; Freeman & Burrill, 1945) , but its availability to man is less clearly established. Hemmeler (195 I) stated that posthaemorrhagic and nutritional anaemias respond well to reduced Fe, and Bethell, Goldhamer, Isaacs & Sturgis (1934) reported a satisfactory response of anaemia to it in large doses, but noted that ferric ammonium citrate was equally effective in doses which contained approximately half the amount of elemental Fe. Fowler & Barer (1937) noted a rise in the haemoglobin level of thirteen subjects who had 'mild anaemia' (mean haemoglobin level 10.17 g) and who were given I g reduced Fe per day, but it is of interest to note that the mean rise shown by this group (1.7 g Hb) was less than that shown by a similar group of subjects (2.1 g Hb) each of whom was given about one-sixth the amount of elemental Fe as ferric ammonium citrate daily. However, Witts (1936) estimated the absorption of ferrum redactum to be only 0-5-2*0%, whereas that of ferrous sulphate he estimated to be 14%, though he based these estimates on very different doses of the two preparations. I n an attempt to treat Fe deficiency Elwood (1963) gave groups of hospital patients about 80 mg Fe/day for 6 months as reduced Fe baked into bread, but failed to demonstrate any therapeutic effect. A similar amount of Fe as ferrous gluconate given in tablets to a similar group of patients caused a reasonable rise in their mean haemoglobin level, and the differences between the groups were considerably greater in patients with low initial haemoglobin levels.
Unfortunately it was not possible in the experiment of Elwood (1963) to incorporate the ferrous gluconate in the bread as such large amounts cause the bread to be unpalatable. Therefore the difference in response could have been a consequence of the incorporation of reduced Fe in bread rather than of its being a less therapeutic agent than ferrous gluconate. It does seem unlikely that this is the whole explanation, however, as Stott (1960) , who incorporated sufficient ferrous sulphate in bread to
give an extra 50 mg elemental Fe per day to 124 prisoners in Mauritius, noted a significant and sustained rise in their mean haemoglobin level after a few months. However, to examine this point further, the therapeutic effects of ferrous gluconate and reduced Fe, both in tablet form, were compared in mental hospital patients all of whom had presumptive evidence of Fe deficiency (P. C. Elwood, unpublished results). As the Bread and Flour Regulations (Great Britain: Parliament, 1963 ) list ferric and ammonium citrate as an alternative to reduced Fe for the fortification of flour, this preparation was also included in the trial. After 1 2 weeks' therapy, during which all the patients received I 10 mg elemental Fe per day, except a control group which received no additional Fe, sixteen patients who had received reduced Fe and twenty who had received ferric and ammonium citrate showed mean rises in both haemoglobin level and mean corpuscular haemoglobin concentration which were small, but were similar in size and differed significantly (at P<0.05) from that of a control group of twenty-three patients who received no Fe therapy, while sixteen patients who had received ferrous gluconate showed no change that differed significantly from those of the control group ( Table 2) . T h e absence of a significant response to ferrous gluconate is surprising and, though no explanation could be I 18
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found, it could suggest that mental hospital patients are not entirely satisfactory subjects for such studies. However, these findings taken in conjunction with those of the other authors quoted seem to indicate that reduced Fe is of some, though perhaps limited, therapeutic value. Nevertheless, these studies have led to the initiation of further work in conjunction with the Cereal Research Station at St Albans, which is still in progress. Certainly the more closely the problems relating to the addition of reduced Fe to flour are examined the more complex they seem to be. For example, freshly prepared reduced Fe is highly reactive and on exposure to the atmosphere the particles rapidly become coated with firmly adherent oxides, most of which are probably ferric oxide. This film of oxide appears to impair the solubility in dilute acid of reduced Fe considerably.
Of a 50 mg sample of reduced Fe prepared a considerable time before testing, solution in IOO ml of 0.1 N-hydrochloric acid at 40' progressed at an almost imperceptible rate, and even after 14 h nearly 20% remained undissolved, whereas a freshly reduced sample tested under identical conditions had completely dissolved in under 7 h (C. Graham & P. C. Elwood, unpublished results) . Though the environment within a loaf during the baking process is probably one of reduction, it may well be that before, and possibly after, baking the environment is one of oxidation. I n any event, the particles of ferrum redactuni, being highly reactive, are likely to be coated with oxide even before the baking process commences, and as ferric oxide is very stable it is unlikely to be reduced to any extent during the baking process.
I n rats a coating of ferric oxide may well have little effect on the absorption of reduced Fe, as ferric salts have been noted to be readily available to the rat and therefore one is not surprised by the favourable results of Freeman & Burrill (1945), Blumberg & Arnold (1947) and others, all of whom based their studies of the availability of reduced Fe from bread on severely anaemic rats. However, in man a surface film of ferric oxide is likely to impair the absorption of reduced Fe as the availability of ferric oxide to man is probably very low, and if the coat of oxide on the particles is complete it is likely to confer a considerable degree of insolubility to the encapsulated Fe.
